Short-Term Stress Response: Sympathetic Nervous System Activity
During a stressor, the SNS activates systems across the body to increase glucose availability, heart rate, and blood pressure (Bremner, Krystal, Southwick, & Charney, 1996) . Shortly after a normal stressor, these physiological functions return to resting equilibrium. After a traumatic stressor, however, baseline SNS activity can become increased (Yehuda, 2003) . Among sexually healthy women, increasing SNS activity to a moderate degree facilitates genital sexual arousal, whereas high levels of SNS activation inhibit genital arousal (Lorenz, Harte, Hamilton, & Meston, 2012; Meston & Gorzalka, 1996) . Exercise-induced activation of the SNS increases genital arousal in sexually functional women but not among women with a history of CSA (Rellini & Meston, 2006) . The authors suggested that as women with CSA histories have high baseline SNS (Shalev & Rogel-Fuchs, 1993) , additional SNS activity from exercise pushed the stress system beyond the levels which facilitate sexual arousal. We would expect, based on these findings, that better sexual function may be associated with higher SNS activation to sexual stimuli in women without CSA histories, but lower SNS activity, or even withdrawal, in women with CSA histories.
Some studies in trauma survivors have found blunted SNS response to stressors relative to controls (Tan, Dao, Farmer, Sutherland, & Gevirtz, 2011) ; others found increased SNS responsivity (Keary, Hughes, & Palmieri, 2009 ). This may be explained by degree of trauma exposure: Individuals exposed to a single trauma may show exaggerated SNS stress responses, but those with exposure to multiple trauma may respond with blunted SNS reactivity (Yehuda & LeDoux, 2007) . While this phenomenon is confounded by symptoms of posttraumatic stress disorder (PTSD), there is reason to believe that the impact of early trauma on stress reactivity is similar in survivors with and without PTSD, if controlling for the number of trauma exposures (Kobayashi, 2010; Scheeringa, Zeanah, Myers, & Putnam, 2004) .
Most previous research in this area has been limited by indirect measurement of SNS via increases in heart rate (HR), which may be due to increasing SNS activation, or withdrawal of the parasympathetic nervous system (PNS). A more accurate assessment of SNS activity is heart-rate variability (HRV). Both SNS and PNS act on the heart: The PNS sets frequency of heartbeats (i.e., HR), and the SNS signals each individual contraction. During inspiration, PNS cardiac output is briefly disrupted, allowing the lungs and heart to coordinate respiration and circulation. These interruptions of PNS control by respiration cause tiny fluctuations of the interval between heartbeats, a phenomenon known as respiratory sinus arrhythmia. However, when the SNS is dominant, its influence on individual contractions of the heart become more prominent in the HRV signal.
One simple way to analyze HRV is to measure the standard deviation of beat-to-beat intervals (R wave to R wave), also known as the RRSD. As the RRSD (i.e., total HRV) decreases, SNS activity is thought to be increasing, relative to PNS output (Task Force of the European Society of Cardiology and the North American Society of Pacing and Electrophysiology, 1996) . The RRSD has good validity, and is noninvasive, easy to interpret, and easy to calculate from a 3-lead electrocardiogram (EKG) or heart rate monitor. The RRSD is often used clinically to diagnose or predict heart disease (Tsuji et al., 1996) , hypertension (Terathongkum & Pickler, 2004) , and depression risk in heart attack survivors (Carney et al., 2001) . In the present study, we measured changes in HRV as a precise index of SNS activity in women with and without CSA histories, and with low or high lifetime exposure to trauma.
Long-Term Stress Response: Cortisol
Cortisol is a hormone that mediates the body's long-term stress response. Cortisol released in response to stressors increases blood sugar levels through suppression of insulin. In normal situations, cortisol allows the body to focus energy on the stressor and returns to baseline after a recovery period of 60 to 90 minutes (Kirschbaum & Hellhammer, 1994) ; however, following trauma, baseline cortisol levels as well as frequency and amount of release are altered (Southwick, Yehuda, & Morgan, 1995) . Women reporting CSA have lower baseline levels of cortisol (Bremner, Vermetten, & Kelley, 2007; King, Mandansky, King, Fletcher, & Brewer, 2001 ), but higher levels of cortisol released during stress exposure (Elzinga, Schmahl, Vermetten, van Dyck, & Bremner, 2003) . As with SNS activity, there is some evidence that number of trauma exposures modulate cortisol responsivity, such that a single traumatic exposure is associated with an exaggerated response, and multiple traumas with a blunted response (Pierrehumbert et al., 2009; Yehuda, Halligan, Golier, Grossman, & Bierer, 2004) . This tendency may be exaggerated for sexual trauma (Resnick, Yehuda, Pitman, & Foy, 1995) .
In women never sexually abused (NSA), cortisol generally decreases in response to sexual stimuli. The degree of cortisol decrease in response to sexual stimuli is associated with sexual desire (Hamilton, Rellini, & Meston, 2008; Van Anders, Brotto, Farrell, & Yule, 2009) . Although genital arousal is associated with decreases in cortisol (Exton et al., 2000; Hamilton & Meston, 2011; Van Anders, et al., 2009) , there is limited evidence that subjective sexual arousal is tied to cortisol, with most studies reporting either no significant association (Goldey & van Anders, 2010; Heiman, Rowland, Hatch, & Gladue, 1991) or associations only to perceptions of genital sensations ( Van Anders, et al., 2009 ). However, cortisol may play a role in other emotional responses to sexual stimuli. Increased cortisol during sexual stimuli is associated with sexual anxiety (Heiman et al., 1991) and lower sexual satisfaction (Hamilton et al., 2008) . In sum, for NSA women, cortisol release in response to sexual stimuli appears to interfere with physical sexual response and, to a lesser extent, emotional response.
Only one study has examined the relation between cortisol and sexual response in women with a history of CSA. Rellini, Hamilton, Delville and Meston (2009) compared changes in genital sexual arousal and cortisol during a sexual video in women with and without a history of CSA. The authors found that women with a history of CSA had smaller decreases, and in some cases increases, in cortisol to sexual stimuli relative to the NSA group. In the CSA group only, cortisol increase during sexual stimuli was associated with higher perceived sexual arousal, suggesting overlap between of the sensation of sexual arousal and stress in this population. However, genital arousal was recorded from a device inserted in the vagina, which may have selected out participants with strong sexual aversion. Women with CSA histories may be less likely to volunteer for studies involving vaginal photoplethysmography than other assessments (Wolchik, Spencer, & Lisi, 1983) . Nevertheless, based on this study and the literature demonstrating cortisol abnormalities, we expected that cortisol release would not predict sexual functioning and satisfaction in women with CSA histories.
Hypotheses
We hypothesized that physiological responses to sexual stimuli would differentially predict sexual function and satisfaction in women with and without CSA histories. Specifically, we predicted that decreases in SNS activation to sexual stimuli would predict higher sexual functioning and satisfaction in women with CSA histories, particularly those with low lifetime exposure to traumatic events. We predicted that for women without CSA histories, increases in SNS activation would predict better sexual functioning and satisfaction. We also hypothesized that decreases in cortisol would predict sexual functioning and satisfaction in NSA women but not in women with CSA histories. As age has been associated with sexual functioning (Avis et al., 2009; Laumann, Paik, & Rosen, 1999) , we were interested in the predicted effects above and beyond age effects.
Method Participants
Participants were recruited via local newspapers and websites, and screened over the phone. All participants were required to be 2 over 18 years of age and sexually active. Women were excluded if they had experienced a traumatic event in the previous three months, been a victim of sexual abuse in the past two years, or had been diagnosed with a psychotic disorder in the previous six months. Participants with other mental health diagnoses were included if they reported no significant suicidality. Women taking corticosteroids, medications known to affect cardiovascular and/or cortisol function (e.g., beta blockers), or illicit drugs were also excluded. Participants taking other medications were included if they had been stabilized on that dose for at least three months.
CSA group. CSA women experienced at least one involuntary sexual experience prior to age 16 (and no fewer than 2 years prior) that included one or more of the following acts: Oral, anal, or vaginal intercourse, penetration of the vagina or anus using objects or digits, and genital touching or fondling. The CSA group (N ϭ 136) was of an average age of 34.2 (SD ϭ 10.4), predominantly Caucasian (66%), with some Latina (19%) and African American (10%) participants. The majority had at least some college education (72%) and were in a committed relationship or married (70%; see Table 1 ). Most of the women in the CSA group reported at least one incident of forced oral, anal, or vaginal intercourse (84%); a minority reported only sexual touching (13%); and the majority reported multiple incidents of unwanted sexual contact (93%).
NSA group. Women in the NSA group reported no incidents of sexual or physical abuse in childhood and no unwanted sexual experiences in adulthood. Comparable to the CSA group, the NSA group (N ϭ 102) was of an average age of 32.7 (SD ϭ 11.5), mostly Caucasian (69%), with some Latina (11%) and African American (11%) participants, and a majority had at least some college education (71%). Forty-seven percent of women in the NSA group were in a committed relationship or married (see Table 1 ).
There were no statistically significant differences between groups in age, ethnicity or level of education. Although women in the CSA group were significantly more likely to be married than women in the NSA group, analyses did not change when controlling for type of relationship and thus results are reported without controlling for relationship type.
Materials: Physiological Assessments
Heart-rate variability (HRV). Before stimulus presentation, we attached electrodes to participants using a 3-limb lead site paradigm based on Einthoven's triangle. The EKG signal was recorded using AcqKnowledge (Biopac Systems, Inc, Goleta, CA). After the experimental session, the EKG signal across neutral and sexual stimuli was cleaned for artifacts (e.g., electrodes becoming loose during the session). We collected RR intervals with a peak finder function, and calculated RRSD from these data with Kubios HRV Analysis Software (Biosignal Analysis and Medical Imagine Group, University of Kuopio, Kuopio, Finland).
Salivary assays for cortisol. We collected two saliva samples per participant, representing cortisol reactivity to the neutral 
Psychological Assessments
Sexual functioning. We measured sexual functioning using a modified version of the Female Sexual Function Index (FSFI; Rosen et al., 2000) , a validated 19-item questionnaire with six domains supported by factor analysis: desire, arousal, lubrication, orgasm, satisfaction, and pain. We removed exclusive references to penile-vaginal penetration to capture nonheterosexual relationships. The FSFI reliably discriminates between women with and without sexual dysfunction (Meston, 2003; Rosen et al., 2000) . The FSFI had excellent reliability (Cronbach's alpha ϭ .95) in this sample.
Sexual satisfaction. We measured sexual satisfaction with the Sexual Satisfaction Scale for Women (SSS-W; Meston & Trapnell, 2005) . The SSS-W is a validated 30-item questionnaire with five domains supported by factor analyses: comfort discussing sexual issues (communication), compatibility between partners (compatibility), sexual contentment (contentment), personal distress concerning sexual problems (intrapersonal distress), and distress about the impact of sexual problems on one's partner or relationship (interpersonal distress). The SSS-W reliably differentiates between women with and without sexual dysfunction (Meston & Trapnell, 2005) . The SSS-W also had excellent reliability in this sample (Cronbach's alpha ϭ .93).
Lifetime exposure to trauma. We measured lifetime exposure to traumatic events with the Trauma History Questionnaire (THQ; Green, 1996) , a 24-item questionnaire that assesses exposure to crime, general trauma, natural disasters, and physical or sexual assault. Each item is assessed dichotomously (experienced/ not experienced) as well as by frequency (how often it occurred). We calculated the sum of all traumatic events reported, which is the most commonly used metric of total trauma exposure (Green, Krupnick, Rowland, Epstein, & Stockton, 2005) .
Depression. Depression is common in CSA survivors (Putnam, 2003) . As depression is linked to sexual dysfunction in both women with CSA histories (Beitchman et al., 1992) and without (Kennedy, Dickens, Eisfeld, & Bagby, 1999 ), we measured current depression symptoms with the Beck Depression Inventory II (BDI-II; (Beck, Steer, & Brown, 1996) . This 21-item depression questionnaire has been extensively validated (Beck, Steer, & Carbin, 1988) , and is considered the gold standard self-report measure of depression. Symptoms of depression were significantly higher in women with CSA histories than those without, F(1, 186) ϭ 30.22, p Ͻ .001, and thus we controlled for depression in all analyses that compared these two groups.
Procedure
To control for daily fluctuations in cortisol and monthly fluctuations of other hormones, participants completed experimental sessions between 2:00 and 6:00 p.m., between the 5th and 10th days of their menstrual cycles. To reduce artifacts in the salivary assays, participants were instructed to avoid foods and activities known to affect cortisol (e.g., caffeine, exercise) for at least 12 hours prior to their visit, and chewing gum, food, or drink for two hours prior to their visit. Compliance with these procedures was assessed by the experimenter immediately prior to the experimental session; only data from compliant participants were included in further analyses involving physiological data. Thirty-four participants (10 NSA, 24 CSA) were found noncompliant. Excluded participants did not differ significantly from those included in CSA history, demographics, sexual functioning, or satisfaction.
Participants were instructed to write continuously on each of two topics for 20 minutes: First an objective account of what they did in the previous day (neutral stimuli), and then about sex and their own sexuality (sexual stimuli; see http://bit.ly/wKzXT8 for prompt scripts). The neutral essay has been used as a control condition in several writing studies and has no known effects on psychological function (Pennebaker, 1989) . The sexual essay was selected to create a personal connection to the sexual stimuli. Rather than attempting to elicit only sexual arousal, we aimed to trigger women's general response to sexually relevant information, including but not limited to their sexual arousal. We anticipated that for the NSA women, this essay would elicit sexual response associated with positive affect, while for women with CSA histories, it would elicit a sexual response associated with negative affect. In other words, we expected the stimuli would reflect true population differences in responses to sexual information.
As per the guidelines provided by Pennebaker (1997) , participants were encouraged to write continuously and to ignore spelling, grammar, and punctuation. A language-use analysis indicated that participants used significantly more sexualityrelated words in the sexual essays than neutral essays, confirming the validity of our experimental manipulation (Lorenz & Meston, in press ).
After completing the neutral essay, participants filled out nonstressful questionnaires (e.g., demographics) for 20 minutes. Because there is an approximate 20-minute delay between peak cortisol release from the adrenal glands and peak salivary cortisol levels (Elzinga et al., 2004) , the neutral sample was collected 20 minutes after the neutral stimuli presentation, while the sexual response sample was collected 20 minutes after the sexual stimuli presentation. Electrocardiograph information was collected throughout the experimental session. To ensure confidentiality, participants typed both essays alone in a private room, and were instructed to close the file before the experimenter returned. Participants were debriefed at the end of the experimental session and compensated. The University of Texas at Austin Institutional Review Board approved the study from 2004 -2011).
Results

Group Differences in Sexual Function and Satisfaction
To test for differences between women with and without CSA histories in sexual functioning and satisfaction, we conducted two multiple analyses of variance (MANOVA) for each full scale (FSFI, SSS-W) and component subscales, with group (CSA, NSA) as the independent variable, controlling for age, depression, and lifetime history of trauma exposure. There were several significant 4 differences (see Figure 1) 
Group Differences in Physiological Variables
We assessed differences between women with and without CSA histories in the physiological variables (cortisol and HRV) with separate repeated-measures ANOVAs, with stimuli (neutral, sexual) as the repeated measures variable, group (CSA, NSA) as the between-subjects variable, and the interaction between group and time. There was a significant effect of stimuli (neutral vs. sexual) on our marker of HRV, the RRSD, F(1, 200) ϭ 37.10, p Ͻ .001. The effect of group on HRV was not significant, F(1, 200) ϭ .10, p ϭ .75, indicating that the groups were similar in levels of HRV. There was also a significant decrease in cortisol between neutral and sexual stimuli, F(1, 213) ϭ 10.42, p Ͻ .001; that is, cortisol secretion decreased between the neutral and sexual stimuli. The effect of group on cortisol levels was not significant, F(1, 213) ϭ .38, p ϭ .54, indicating that the CSA and NSA samples did not differ in cortisol levels.
Effects of Changes in Physiological Variables on Sexual Functioning and Satisfaction
For the two physiological variables (cortisol and HRV), we completed a separate repeated-measures ANOVA, with stimuli as the repeated-measures variable (neutral, sexual), group (CSA, NSA) as the between-subjects variable, control variables (age, depression) as covariates, and independent variables (sexual functioning, sexual satisfaction) as covariates. We also constructed interactions (and all necessary constituent terms) of group (CSA, NSA), symptoms of traumatic stress, and independent variables (sexual functioning, sexual satisfaction). We evaluated only the highest order significant interaction for each independent variable: In other words, if the interaction of Stimuli ϫ CSA ϫ Traumatic stress ϫ Sexual functioning (4-way interaction) was not significant, we would next consider the interaction of Stimuli ϫ CSA ϫ Sexual functioning (3-way interaction).
In the model predicting HRV, there was a significant interaction of stimuli, CSA status, trauma exposure, and sexual functioning, F(1, 97) ϭ 7.03, p Ͻ .01. In NSA women with low lifetime exposure to trauma, higher increases in HRV (and thus decreases in SNS activity) were associated with higher sexual functioning. For NSA women with high lifetime exposure to trauma, however, higher increases in HRV were associated with lower sexual functioning. In fact, for NSA women with high trauma exposure, higher sexual functioning was associated with decreased HRV to sexual stimuli (see Figure 2 ). For women with a history of CSA, there was a main effect of lifetime exposure to trauma: Women with high lifetime trauma exposure had higher HRV overall, and a greater increase between neutral and sexual stimuli. For those women with CSA and low lifetime exposure to trauma, higher increases in HRV were associated with lower sexual functioning (see Figure 2) . Also in the model predicting HRV, there was a significant interaction of stimuli, CSA status, trauma exposure, and sexual satisfaction, F(1, 97) ϭ 5.82, p Ͻ .05. Women without a history of CSA and low lifetime exposure to trauma had the highest HRV overall. Within the NSA group, there was an effect of trauma exposure, such that women with high lifetime trauma exposure had larger increases in HRV to sexual stimuli than did women with low trauma exposure. However, for the NSA group, differences in HRV response did not appear to differentiate between higher or lower sexual satisfaction (see Figure 3 ). For women with a history of CSA and low lifetime exposure to trauma, larger increases in HRV were associated with higher sexual satisfaction. For those CSA survivors with high lifetime trauma exposure, however, Figure 4 ).
In the model predicting change in cortisol, there was a significant interaction of stimuli, CSA status, and sexual functioning, F(1, 97) ϭ 5.03, p Ͻ .05, such that women with a history of CSA had lower cortisol during both neutral and sexual stimuli than did women without CSA histories. For women without a history of CSA, an increase in cortisol between neutral and sexual stimuli was associated with lower sexual functioning, but a decrease in cortisol was associated with higher sexual functioning. For women with a history of CSA, however, both high and low sexual functioning were associated with a decrease in cortisol. In other words, cortisol response to sexual stimuli did not differentially predict sexual functioning in women with CSA histories (see Figure 4) . There was also a significant interaction between stimuli and sexual satisfaction, F(1, 97) ϭ 7.87, p Ͻ .001, such that across groups, decreases in cortisol to sexual stimuli were associated with higher sexual satisfaction. 
Discussion
As predicted, cortisol and HRV differentially predicted sexual functioning and satisfaction in women with and without CSA histories. For NSA women with low lifetime trauma exposure, larger decreases in SNS activity from neutral to sexual stimuli were associated with better sexual functioning. In contrast, for NSA women with high lifetime trauma exposure, decreases in SNS activity to a sexual stimulus were associated with poorer sexual functioning, though increased SNS activity was associated with higher sexual functioning. For women who reported a history of CSA and low lifetime trauma, larger decreases in SNS activity to a sexual stimulus were associated with better sexual functioning and satisfaction. Cortisol response to sexual stimuli predicted sexual functioning in NSA women, such that increases were associated with lower sexual functioning and decreases with higher functioning. However, as hypothesized, cortisol responses in women with CSA histories did not predict differences in sexual functioning.
The relationship between SNS activation and sexual functioning and satisfaction was moderated by participants' CSA and trauma histories. In women with CSA histories, higher lifetime trauma exposure was associated with less SNS activity overall than was low lifetime exposure to trauma. Across women with CSA histories, greater decreases in SNS activity to sexual stimuli were associated with better sexual functioning; however this effect was exaggerated in those women with low lifetime exposure to trauma. Taken together, these findings suggest that for CSA survivors, singular sexual trauma may increase SNS stress responses to sexual stimuli, but that exposure to additional trauma may suppress these responses. There is evidence that for women whose SNS is chronically elevated, such as those CSA survivors with low trauma exposure (Lemieux & Coe, 1995) , further elevation-including that which is expected during sexually exciting stimuli-may actually inhibit sexual responding and in this way, sexual functioning and satisfaction (Rellini & Meston, 2006) . In contrast, a decrease in SNS activity may facilitate physiological sexual response by bringing it to a moderate level. Our findings suggest that the curvilinear relationship between SNS activity and women's genital arousal (Lorenz et al., 2012 ) may extend to sexual functioning as well.
Similar to the findings on sexual functioning, for CSA survivors with low trauma exposure, larger decreases in SNS activity to a sexual stimulus were associated with higher sexual satisfaction. Unexpectedly, for CSA survivors with a history of multiple traumatic events, this pattern was reversed, such that larger decreases in SNS activity to a sexual stimulus were associated with lower sexual satisfaction. It is possible that for CSA survivors with high trauma exposure, decreases in SNS activity may elicit the moderate SNS levels conducive to sexual arousal, which in turn may cause distress by bringing up problematic memories or emotions. At least one study has found that increases in sexual function in women with CSA histories result in lower, not higher, sexual satisfaction (Stephenson, Pallatto, & Meston, in press ).
Our cortisol findings in NSA women replicated those of Hamilton, Rellini and Meston (2008) : Women increased in cortisol in response to sexual stimuli had lower sexual functioning, and those with decreased cortisol had higher sexual functioning. That cortisol did not differentiate high or low sexual functioning for women with CSA histories is consistent with the findings of Rellini et al. (2009) , who found no significant relationship between cortisol and laboratory measures of sexual arousal in CSA survivors. This suggests that the hormonal disruptions due to CSA disconnect the body's long-term stress response from sexual response. That, in turn, suggests that reducing cortisol responses would have at best an indirect impact on improving sexual dysfunction in this population.
Given that HRV predicted sexual satisfaction and functioning in women with a history of CSA, incorporating HRV measures into clinical work with this population may be of benefit. It has been shown that heart-rate information used during biofeedback improves treatment of PTSD (Bradley, Greene, Russ, Dutra, & Westen, 2005) . Our findings suggest that for women with CSA histories, particularly those with low lifetime trauma, biofeedback targeting changes in HRV may lead to better sexual functioning and satisfaction. Although such therapies would also help CSA survivors with high lifetime exposure to trauma, we would expect less dramatic results. Some limitations should be considered in interpreting our findings. As with all laboratory studies, it is not known if these results would extend to sexual activity with a partner. Second, it is impossible to know if cortisol or HRV changed for reasons other than the sexual stimuli; however, it is unlikely that these factors would differ significantly between the groups. The present study was cross-sectional, thus we cannot infer causality in any reported relationship. Finally, it is possible that women's cortisol response to the sexual stimuli may have continued to decrease after the stimulus presentation ended. If so we would expect our findings to be exaggerated.
Our findings suggest that physiological effects of CSA play out in adult sexual functioning and satisfaction. Specifically, we found that SNS activity differentially predicted sexual functioning and satisfaction in women with and without CSA histories, and that decreases in cortisol predicted sexual functioning for NSA women but not CSA survivors. These findings add to the paucity of literature on physiological factors that play a role in the disruption of the sexual lives of CSA survivors.
